Abstract. E-cognocracy [1-5] is a new democratic system that tries to adequate democracy to needs and challenges of Knowledge Society. This is a cognitive democracy oriented to the extraction and democratization of the knowledge related with the scientific resolution of public decision making problems associated with the governance of society. It is based [3, 6] on the evolutionism of live systems and it can be understood as the government of the knowledge and wisdom by means of the information and communication technology (ICT). E-cognocracy combines the representative and the participative democracies by aggregating the preferences of the political parties with those of citizens and by generating knowledge from the conjoint discussion of the arguments that support their own positions. This paper presents a qualitative approach based in text mining tools to identify these arguments from the analysis of the messages and comments elicited by political parties and citizens through a collaborative tool (forum). The proposed methodology has been applied to a case study developed with students of the Faculty of Economics at the University of Zaragoza and related with the potential location at the region of Aragón (Spain), of the greatest leisure project in Europe (Gran Scala).
Introduction
This paper continues with the research line about e-cognocracy [1] [2] [3] [4] [5] followed by the Zaragoza Multicriteria Decision Making Group (GDMZ) during the last five years. It extends and complements a previous paper of the GDMZ [7] presented in the First World Summit on Knowledge Society (WSKS08). In that case, following a quantitative approach based on the preference intensities of the political parties and citizens, we identify the messages and comments that support the different positions or patterns of behaviour of the actors involved in the resolution of the problem.
In this paper, a qualitative approach based on text mining tools have been used to identify the arguments embedded in these messages that support the different positions of the actors. This approach has been developed in collaboration with the Validation and Business Applications research group of the Universidad Politecnica de Madrid who has been working on knowledge extraction for more than ten years [11] .
The methodology followed in the qualitative approach is based on the analysis of the different patterns that an expert defines in order to classify a message. These patterns are implemented in a text mining system that tries to emulate the lines of reasoning of the expert. The implemented text mining system is backed in the linguistic knowledge codified in a tailor-made grammar and a specific lexical resource. Its main purpose is to ascribe each comment to the different positions identified in the resolution of the problem.
The final and main aim of e-cognocracy is the democratisation of the knowledge associated with the scientific resolution of the problem. This way, we collaborate in the construction of a social knowledge and wisdom in accordance with the cognitive process that characterise the evolution of live systems [3, 8] . The individual and social knowledge added value related with the scientific resolution of problems, the associated citizens' education and the improvement of transparency, participation and control will be some aspects that increase the individual and social welfare.
This work is structured as follows: Section 2 briefly presents e-cognocracy and the stages of its participation process; Section 3 presents the qualitative approach proposed for identifying arguments; Section 4 illustrates this methodology in a case study related to the construction of a leisure complex near the city of Zaragoza (Spain) and, finally, Section 5 highlights the most important conclusions.
E-cognocracy: definition and participation process
E-cognocracy [1] [2] [3] [4] [5] [6] [7] [8] is a new democratic model that, based on the evolution of living systems, focuses on the extraction and social diffusion of the knowledge derived from the scientific resolution of highly complex problems associated with public decision making related with the governance of society.
This cognitive democracy seeks to convince citizens by means of arguments and not to defeat them (e-democracy) by means of votes [6, 7] . To this end, e-cognocracy identifies the arguments that support the decisions made by the political parties and the citizens from the messages both group includes in the collaborative tool used to implement the discussion phase of its methodology. Obviously, some of these messages can incorporate strategic opinions that do not correspond with the final preferences.
The key idea of this democracy of the knowledge society (e-cognocracy) is to educate people (intelligence and learning), promote relations with others (communication and coexistence), improve society (quality of life and cohesion) and construct the future (evolution) in a world of increasing complexity [5] .
The stages followed in the e-cognocracy process [7, 9] are: Stage 1: Problem Establishment. Using the web, this stage identifies the relevant aspects of the problem: context, actors and factors (mission, criteria, subcriteria, attributes and alternatives), as well as their interdependencies and relationships.
Stage 2: Problem Resolution. This stage provides the priorities of the alternatives being compared by using one of the most extended multicriteria decision making approach, AHP [10] .
Stage 3: Model Exploitation. This stage of the resolution process derives the patterns of behaviour of the actors involved in the resolution process.
Stage 4: Discussion. Using any media or collaborative tool (forum in our case), the citizens' representatives (through their respective political parties) and the citizens themselves (through the network) give their motives and justify the decisions. From these comments and messages, the arguments that support the alternatives, as well the attributes that are more relevant in the resolution process are identified.
Stage 5: Second round in problem resolution. After updating the individual preferences with the explicit knowledge derived in the previous resolution stage, the priorities of the alternatives in a second round are obtained.
Stage 6: Knowledge Extraction and Democratisation. Using the information on the preferences of the two rounds and the quantitative information included in the comments elicited in the discussion stage, the comments that support each pattern of behaviour and each preference structure are identified.
Next, by means of text mining techniques, we consider in more detail the fourth stage: searching for the arguments that support decisions. Finally, integrating this qualitative approach with the quantitative one proposed in [7] and the individual changes in preferences, we will be able to identify the social leaders (the actors whose opinions provoke these changes) and the arguments taken into account by the citizens.
The procedure concludes with the social democratisation of the knowledge through the web. This final step is the main objective of the cognitive democracy we propose to deal with public decision making.
A Qualitative Approach for Searching for Arguments
This section identifies the comments and messages included in the discussion stage of e-cognocracy that support the different patterns of behaviour and changes in preferences that appear in the problem resolution stage. The qualitative approach follows a knowledge-based methodology. First, an expert performs a manual classification of the messages taking into account the presence of specific assertions that allows the expert to reasonably infer the participant's position underlying in the message. Then, the set of identified assertions are anlyzed and codified into some linguistic patterns that are implemented in a text mining system. The design and implementation of the whole process is described in the following subsections.
The Expert Task
The expert has at his disposal a set of 332 messages extracted from a forum about the construction of a leisure complex in the area of Los Monegros (near Zaragoza). He then classifies each message according to the following categories:
• A1: In favour of the implementation of the project.
• A2: Support for the majority's position.
• A3: Against the implementation of the project.
• A1_A2: Position is not clear but surely the subject won't vote against (not A3) • A2_A3: Vote is not clear but surely the subject won't vote in favour (not A1)
Messages are decontextualized so that it is avoided any other source of information (even the discourse thread is missed). The rationale to avoid contextual information is to define patterns merely based on the content of the message.
The expert then reads the messages, classifies each according to the five postulated categories, and marks up the expressions that support the proposed classification. Table 1 shows some examples of tagged messages; supporting arguments are underlined. Table 1 . Example of messages and supporting arguments.
MESSAGE
A1 A2 A3 I think you are right, it is not logical that this year in expo water is treated as a very important problems and that in the next X years we will like to build an aquatic park in Monegros, where water will be seriously wasted. I think that the installation of Gran Scala will bring lot of opportunities that will favour people's continuity in the area, specially young people. Besides, it is another way to promote tourism.
Patterns Extraction
Once the expert has classified the messages and identified the supporting expressions, common features and regularities have to be looked for. In general, simple categories (A1, A2 y A3) show clearer patterns than intermediate ones (A1&A2 and A2&A3). So it can be stated that: − Category A1 is characterized by the presence of verb phrases, noun phrases and words with positive connotation (that is, they refer to realities that are commonly considered as good or positive). − Category A3 is characterized by the presence of noun phrases and words with negative connotation and verb phrases that describe a negative reality (for example, doesn't respect the bases of sustainable development). − Category A2 is identified by the absence of significant expressions. − In categories A1_A2 and A2_A3, negative and positive expressions are intermingled along with the so-called hedges.
As can be seen, the key aspect to identify patterns is the presence of expressions with either positive or negative connotation. Thus, this work requires lexical units (in particular, adjectives, nouns and verbs) to be classified as positive, negative, or neutral. Hedges are expressions that lessen the degree of assertiveness of the speaker's intention. Modal verbs like "should", "could" or adverbs like "possibly" or "perhaps" will be used for the identification of intermediate categories.
Thus, the system of automatic classification mainly seeks noun and verb phrases and then assigns a global connotation to the message according to the nature of the identified expressions. The identification of phrases will be done using shallow parsing [12, 13] .
Creation of the lexical resource
The set of messages to be mined presents two crucial features: a) they are framed in a closed domain, namely, the settling Gran Scala; and b) they show a high degree of informality and all sorts of errors. This implies that a robust parser is required, able to extract maximum information even with insufficient lexical and grammatical information.
The unique information registered in the dictionary is the grammatical category of the word. The postulated categories for this work are for open categories: verb, noun, adjective, and adverb; for functional categories: determinant, conjunction, preposition, and pronoun; and finally two ad hoc categories for the domain: hedge, and quantifier.
This classification is a simplification of the categories present in natural languages, but it is sufficient for this work where linguistic accuracy is not a priority. Words belonging to open categories are marked with either positive or negative connotation. This is the only semantic feature allowed in the dictionary. Dictionary entries have the following appearance: mafia: SUS,negative.
[mafia] puestos de trabajo: SUS,positive.
[job] riesgos: SUS,negative.
[risks]
In order to avoid the excessive dependence of the dictionary on the corpus of available messages, we started from an existent resource that was adapted to the requirements of the system. In particular, we consulted the Spanish Wordnet (Spanish lexical resource developed at the EuroWordNet project) [14] in order to obtain a general purpose dictionary as well as it was the source to infer the connotation of open categories words from the information codified in the synset (set of synomyns that define a concept) and in the definitions. Undoubtedly, this resource constitutes a raw version of the final lexical resource, refined and tuned during the testing phase of the system.
Pattern Codification and Generation
Once obtained the first version of the lexical resource, it is required to define a grammar that can identify simple phrases and that assigns a positive/negative connotation to the phrase as a whole. Thus, the grammar is restricted to the identification of noun, verb, and adjective phrases. As an example, let's see the treatment of noun phrases.
The following rule implements a pattern for a generic positive noun phrase: 
Assigment of category labels
Category labels are ascribed to a message according to the following rules which constitute the core of the automatic classification:
• If the message does not contain any expression, or the number of positive expressions equals the number of negative one, then assign A2.
• If only one positive expression has been found, or there are hedges and there are more positive than negative expressions, then assign A1_A2.
• If only one negative expression has been found, or there are hedges and there are more negative than positive expressions, then assign A2_A3.
• If there are more positive expressions than negative, then assign A1.
• If there are more negative expressions than positive, then assign A3.
Case study
Gran Scala will be the largest leisure complex ever built in Europe. The project statistics are staggering: 17,000 million Euros in investment; 1,000 million in State and 677 million Euros in Aragon Regional Government revenues through taxation. Gran Scala is expected to receive 25 million visitors per year, create 65,000 direct and indirect jobs at its 70 hotels, 32 casinos, five theme parks, museums, golf courses and racetracks. In other words, the project would transform the area into a town with a population of 100,000.
Since its inception, the project has caused much debate and controversy in Aragonese society. For these reasons, the project was selected for an electronic voting experiment with students from the Multicriteria Decision Making course of the 4 th year of the Bachelor of Science in Business Administration at the University of Zaragoza. The experiment was intended to elicit the opinion and preferences of the students regarding the implementation of the Gran Scala Project in the "Los Monegros" district and to assist in the construction of the ontology used in the final stage of the methodology, the identification of arguments that support the decisions by means of text mining techniques.
The stages of the experiment are the following:
1. Modelling, assessment and prioritization. This stage is based on the Analytic Hierarchy Process (AHP) methodology and the outcomes of it are the initial priorities for all the decision-makers. 2. Discussion, argumentation and feedback. In this stage a debate is implemented to improve the quantity and quality of the information available. 3. Final prioritization and conclusions. In this stage, a new assessment is made and the final priorities for the decision makers are obtained.
First Stage: Modelling
In this case, the hierarchy was directly introduced to the students and its design was not part of the decision making process. The hierarchy is composed by the goal (G), four criteria and three alternatives, as can be seen in Figure 1 . The goal consists of determining the best course of action concerning the implementation of the Gran Scala project. The alternatives are evaluated with respect to four criteria in terms of their contribution to the goal: Benefits (B), Costs (C), Opportunities (O) and Risks (R). The alternatives considered in the process are: Implementation of the project (A1), Support for the majority's position (A2), and Rejection of the project (A3). The second alternative was introduced to provide an intermediate option and to serve as the recipient of potentially indifferent or undecided decision-makers. In theory, if the debate and discussion stage is carried out in a proper manner, part of those uncommitted or indifferent decision-makers will adopt a clear position as a result of a better understanding of the problem. The factors that affect the decision are grouped in four main criteria (B, C, O, R). This general scheme was further detailed in order to facilitate a clear comprehension of the problem. We provided some economic, social and environmental ideas for benefits and costs (positive and negative short term effects), and opportunities and risks (positive and negative long term effects). The previous information was only used only to initiate the decision making process and accelerate the global comprehension of the situation under consideration. Students were completely free to make their own decisions and form their own opinions. Once the hierarchy has been presented, it is possible to start the assessment process that will provide the priorities for the alternatives. This process was implemented using a web platform that allowed the full participation of the students. The data are then synthesized to obtain the priorities for the alternatives. This process is carried out by means of specific software that performs the calculations required by the AHP methodology.
Second Stage: Discussion
In this stage, a debate session was initiated after the end of the first round of voting. The implementation of the process was performed through a web interface in the form of a discussion forum (Figures 2a,b,c,d ). The students posted messages grouped in four categories associated to the criteria of the problem. Different threads of discussion were created and, in general, several comments related to the initial messages of the threads were also posted. When a message is posted on the forum the author of a message posts it on the forum he/she is required to express his/her appreciation concerning the importance of the message using a scale of 1 to 10 (1 is minimum, 10 is maximum importance).
The discussion process was prolonged during ten days (24 th February until 4 th March 2008) in order to facilitate the sharing of viewpoints, information and feedback necessary to achieve an appropriate level of maturity in the participants' judgments. Table 2 shows the results of the manual (based on the expert) and the automatic (based on text mining techniques) approaches. The first column (#Expert) shows the number of messages that the expert has classified for the different Categories (A1 to A3) whereas the second column (#Automatic) indicates the number of messages classified by the text-meaning system for each category. Although the figures may look similar, it has to be remarked that the expert has identified 177 messages out of 332 as A1; whereas the automatic procedure has assigned category A1 to 172 messages. However, only 128 comments are the same in both sets (column #Coincide). Thus the degree of coincidence of both approaches is 128/177 (taking the expert as the reference), that is, 72.31% (column % Coincidence). For each category, it is shown the total number and rate of coincidence between the expert and automatic classification. Coincidence rate is significant for category A1 but rather low for the rest. A possible reason for this is that the positive tendency is much more marked and salient than the others within the group of participants. It is also possible that both the expert and the automatic procedure detect the positive expressions more accurately. What is clear is that the mixed categories (A1_A2 and A2_A3) are an artificial construct of the expert used to represent uncertainty areas, so that it may be reasonable to omit them from computation. This would force both the expert and the automatic procedure to choose between simple categories (A1, A2 or A3) or even pose a binomial classification just considering tags A1 and A3. This can be done since A2 is a category that implies the acceptance of the majority and not vagueness between A1 and A3.
Comparative analysis of the expert and the automatic classification
Summing up, these results suggest that supporting expressions in favour of the implantation of Gran Scala are more precise than the arguments against it. Besides, they also point at the necessity of revision of the rules of the automatic procedure as well as the intensity of the arguments against the implantation of the project, which the expert finds weaker.
Taking into account this interpretation, it could be known which arguments provoke more accurate and intense assertions, uncovering the concrete aspects that a participant considers as more relevant, aiming at the basis of an e-cognocracy system.
Conclusions
This paper presents a method for identifying the messages that supports decisions and that lead to the change of preferences of the decision makers which participate in a decision process in the context of e-cognocracy, the democracy of the knowledge society.
By using these techniques, the outstanding ideas and opinions contained into the messages can be detected and related with the changes observed in the preferences, so the actors whose arguments provoke those changes (social leaders) can be identified.
Finally, the arguments that support the different patterns of behaviour of the actors involved in the decision making process and the knowledge associated with the scientific resolution of the problem would be shared through the network (democratisation of knowledge). This would allow the citizens to experience a real learning procedure in accordance with the evolution of living systems.
E-cognocracy allows the direct implication of citizens, and takes advantage of their insights, in the construction of a new and better world in a context of increasing complexity. The social learning provided by e-cognocracy will help citizens to improve their quality of live and cohesion in a Global Knowledge Society.
